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Abstract 

In the upcoming month the KLOE-2 data taking campaign will start at the upgraded DAONE 0-factory of INFN 
Laboratori Nazionali di Frascati. The main goal is to collect an integrated luminosity of about 20 fbr 1 in 3-4 years 
in order to refine and extend the KLOE program on both kaon physics and hadron spectroscopy. Here the expected 
improvements on the results of hadron spectroscopy are presented and briefly discussed. 
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1. KLOE-2 detector at upgraded DAONE collider 

The KLOE detector setup consists of a large drift cham- 
ber (radius from 0.25 to 2.0 m and 3.3 m length) 
surrounded by an electromagnetic calorimeter. Both 
are immersed in 0.52 T axial field of superconducting 
solenoid QJJ] . From 2000 to 2006 the KLOE experiment 
has collected 2.5 fbr 1 at the peak of the <p meson reso- 
nance at the <? + <r collider DAONE in Frascati plus ad- 
ditional 250 pb~' of off-peak data. 

A new beam crossing scheme is operating at DAONE 
allowing to reduce beam size and increase luminosity 
(to reach a peak of about 5xl0 32 cirT 2 s~', a factor of 3 
larger than the previously obtained). At the moment, 
the detector is being upgraded with small angle tagging 
devices, to detect both low (Low Energy Tagger - LET) 
and high (High Energy Tagger - HET) energy e + e~ orig- 
inated from e + e~ — > e + e X reactions. It is planned to 
collect around 5 fbr 1 within one year with this setup. 
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In a subsequent step a light-material Inner Tracker 
(IT) will be installed in the region between the beam 
pipe and the drift chamber to improve charged vertex 
reconstruction and to increase the acceptance for low 
transversal momentum tracks [2]. Crystal calorimeters 
(CCALT) will cover the low 9 region to increase accep- 
tance for very forward electrons and photons down to 
8°. A new tile calorimeter (QCALT) will be used for the 
detection of photons coming from Ki decays in the drift 
chamber. Implementation of the second step is planned 
for late 201 1 . Further modifications of the DAONE col- 
lider, presently under discussion, would allow energies 
up to 2.5 GeV ( -\fs) to be reached without loss of lumi- 
nosity. Since the KLOE-2 detector is perfectly suited 
for data taking also at energies away from the <p meson 
mass, a proposal to perform precision measurements of 
(multi)hadronic and yy cross sections has also been put 
forward [3]. The detailed description of the KLOE-2 
physics program can be found in Ref. fl]. 

2. 77 physics 

The term yy physics (or two photon physics) stands for 
the study of the reaction: 
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e + e~X, 



(1) 



where X is an arbitrary hadronic state with quantum 
numbers J PC = ±+ ,2 ±+ . . . and the two photons tend 
to be quasi-real [5]. If no cut is applied to the final-state 
leptons, the Weizsacker- Williams approximation |01 
can be used to understand the main qualitative features 
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of process (Q]). Then the event yield, N ee x, can be evalu- 
ated according to: 
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where W yy is the invariant mass of the two quasi-real 
photons, L ee is the integrated luminosity, and dF/dW yr 
is the yy flux function: 
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where Eb is the beam energy and 

1 W 

/(z) = (z 2 +2) 2 ln--(l-z 2 )(3+z 2 ), z= ^.(4) 
Z 2E b 

FigureQ]shows examples of the yy flux functions multi- 
plied by an integrated luminosity L ee = 1 fb~', as a func- 
tion of the yy invariant mass for different center-of-mass 
energies; threshold openings of different hadronic states 
are indicated. Previous experiments measured the yy 
cross section for pseudoscalar meson production in the 
range 7 < t/s <35 GeV. A low energy e + <?~ collider, 
such as DAONE, compensates the small cross section 
value with the high luminosity. 
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Figure 1 : Differential yy flux function as a function of the center-of- 
mass energy. 



3. Meson transition form factors 

The transition form factors < Fp 7 -y'(m 2 p , q 2 , q^) at space- 
like momentum transfers can be measured with pro- 
cess (Q]). They are important to discriminate among 
different phenomenological models relevant for the 
hadronic light-by-light scattering contribution to the 
g - 2 of the muon 17|]. 

The form factor at negative q 2 appears in the pro- 
duction cross section of n°, tj and r( mesons in the re- 
action e + e~ — > e + e P. By detecting one electron at 



large angle with respect to the beams, the form fac- 
tor Tp y y'{m 2 p, Q 2 , 0) with one quasi-real and one vir- 
tual space-like photon (Q 2 — -q 2 ) can be measured for 
the on-shell pseudoscalar meson. For both n° and 77 
mesons the region below 1 GeV 2 is still poorly known 
but can be covered by KLOE-2. Furthermore, by select- 
ing events in which both <? + and e~ are detected by the 
drift chamber (instead of the tagger devices) KLOE-2 
can provide experimental information on form factors 
Tpy'y'(m 2 pi Q 2 , Ql), with two virtual photons. 



4. yy -* 7I7C 

The two photon production of hadronic resonances is 
often advertised as one of the clearest ways of revealing 
their composition H - 18 ] . KLOE-2 with the study of 
e + e~ — > e + e~nn decays can improve the experimental 
precision in the following energy ranges contributing to 
the solution of the open questions on low-energy hadron 
physics: 

• 280-450 MeV: The Mark II experiment HI is the 
only one that has made a special measurement of 
the normalized cross-section for the 7r + 7r~ channel 
near threshold, however, their data have very large 
error-bars; 



• 450-850 MeV: Measure nn production in this re- 
gion in both charge modes for our understanding 
of strong QCD coupling and the nature of the vac- 
uum Q; 

• 850-1100 MeV: Accurate measurement of the 
7r + 7r~ and 7T°n° cross-sections (integrated and dif- 
ferential). 

The e + e~ — > e + e~itn process is a clean electromagnetic 
probe to investigate the nature of the <x meson through 
the analysis of the nn invariant mass which is expected 
to be plainly affected by the presence of this scalar me- 
son. A precision measurement of the cross-section of 
yy — > 7t + k~ and yy — > 7r ( V° would also complete the 
information from previous experiments allowing the de- 
termination of the yy couplings of the scalar mesons. 



4.1. 



yy — > 7T°n 



The interest in this process is given by the cr — > mi 
contribution l2ltl . The determination of the cryy cou- 
pling can be compared with that of pseudoscalars or 
other scalar states to clarify their quark structure. From 
Figure [2] an excess of about 4000 events with respect 
to the expected background is evident at low 4 photons 
invariant mass {M^y) values, consistent in shape with 
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expectations 12211 from e + <?~ — > e + e~7r°7r° events. The 
precise yield estimate depends on assumptions for the 
background processes. Systematic study of the differ- 
ential cross section and understanding of the <x — > nn 
contribution are in progress. 

The studies point out that KLOE-2 with an integrated 
luminosity at the (f> peak of L = 5 fbr 1 can measure the 
yy — > 7r°7r° cross-section with the same energy binning 
obtained from Crystal Ball 112311 . reducing the statistical 
uncertainty in each bin to 2%. 
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Figure 2: Preliminary spectrum of the 4 photons invariant mass ob- 
tained with KLOE detector, compared with sum of the expected back- 
grounds. Peak of the K$ — » decay and structures related to other 
processes with two n° are visible: oj(-> n°y)iT and /o(980)(-> 2n°)y. 
The cut on < 900 MeV is explained by the requirement on the 
total energy in the calorimeter. 



5. r, 



7T°yy 



Using the KLOE preliminary result on the branching 
fraction and the analysis efficiency obtained of ~ 5%, 
1300 r] — > 7T°yy events are expected from the first year 
of data-taking at KLOE-2, thus allowing an accuracy 
of 3% to be reached on the BR(r] — > n°yy. Moreover, 
KLOE-2 can provide the m yy distribution with sufficient 
precision to solve the ambiguity connected to the sign 
of the interference between VMD and scalar terms as 
shown in Figure [3] 



6. i/' 
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r]n°n°, the nn sys- 



In the j]' — > i]jT + n~ and 77' 
tem is produced mostly with scalar quantum num 
bers. Indeed, the available kinetic energy of the n + n~ 
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Figure 3: The m yy distribution in rj — > n°yy decays expected at 
KLOE-2 for the VMD+ao(980) model, with constructive and destruc- 
tive interference term. Crosses are the simulated experimental data as- 
suming 5% constant efficiency as a function of m yy and constructive 
interference. 



pair is [0, 137] MeV, suppressing high angular momen- 
tum contribution. Furthermore, the exchange of vector 
mesons is forbidden by G-parity conservation. For these 
reasons, only scalar mesons can participate to the scat- 
tering amplitude. The decay can be mediated by the <x, 
flo(980) and /o(980) exchange and by a direct contact 
term due to the chiral anomaly Il24ll . The scalar contri- 
bution can be determined by fitting the Dalitz plot of the 
i]' — > TJ7T7T system. The golden channel for KLOE-2 is 
the decay chain 77' — > rjn + ji~, with rj — > yy. The sig- 
nal can be easily identified from the 77 and 77' invariant 
masses. Such final state was already studied at KLOE 
to measure the branching fraction of the (f> — > rj'y de- 
cay Ir25ll . The analysis efficiency was 22.8%, with 10% 
residual background contamination. With O(10) fb , 
we expect 80,000 fully reconstructed events. In Figure|4] 
the mx+x- invariant mass distribution is shown with and 
without the cr contribution with the expected KLOE-2 
statistics. 



7. 77/1/' mixing 

The 77' meson, being almost a pure SU(3)Fiavor singlet, 
is considered a good candidate to host a gluon con- 
densate. KLOE has extracted the 77' gluonium con- 
tent and the 77-77' mixing angle 112611 according to the 
model of Ref. [27]. The 77 and 77' wave functions can 
be decomposed in three terms: the u,d quark wave 
function \qq) = 4= (\uu) + \dajj, the \ss) component 
and the gluonium \GG). The wave functions are writ- 
ten as: I77'} = cosiftc sintftp \qq) + costftc cos</<> \ss) + 
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Figure 4: The m n + n - distribution in the t]' — » rjn + n" decay with the <x 
meson (right-centered distribution) and without (left-centered distri- 
bution) contribution. 

sini/'c \GG) and [q ) — cosi^p |qq) - sini^p |ss) where </i> 
is the 77-77' mixing angle and 7? c = sin 2 t/>G is the gluo- 
nium fraction in the 77' meson. The Z 2 , parameter can be 
interpreted as the mixing with a pseudoscalar glueball. 

With the KLOE-2 data-taking above the <p peak, e.g., 
at yi ~ 1.2 GeV, it will be possible to measure the 
77' decay width T{t]' — > yy) through the measurement 
of the reaction cr(e + e~ — > e + e~(y*y*) — > e + e~rj'). The 
measurement to 1 % level of both the cross section and 
the BR(rj' — > yy) would bring the fractional error on 
the 77' total width, = T(rf -> yy)/BR(r]' -> yy), 
to ~1.4%. Figure [5] shows the 68% C.L. region in the 
if/p, Z 2 , plane obtained with the improvements discussed 
in this section. The comparison of the top to bottom 
panels makes evident how the fit accuracy increases 
with the precision measurement of the 77' total width. 
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